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PHAN MO PAU

1. Ly do chon deé tai

Nhip thé 1a mot trong bdn chi s6 quan trong chinh cua co thé con ngudi [17]
thé hién sy luu théng khong khi ( sy di chuyén cua khong khi vao va ra khoi phdi).
Nhip tho nhanh hay cham déu rat hiru ich dé theo ddi thé trang va phat hién ra nhiing
bénh tiém 4n. Nhip thd binh thudng cta ngudi trudng thanh dao dong tir 16 - 20
lan/phut. Nhip thé binh thudng cua tré em s& tuy thudc vao thang/tudi: tré so sinh tir
40 - 60 1an/phut, tré duéi 6 thang tudi 1a 35 - 40 1an/phat, dén tdm 7 — 15 tudi sé 1a 18
- 20 lan/phit [1]. Nhip thé c6 thé tang 1én khi ta bi sét, cang thang, van dong véi tin
suét cao nhu: tap thé duc, lao dong hoac méc phai mot s bénh 1y lién quan dén ho
hap. Nhip thé giam ciing 12 dau hiéu cho thay thé trang cta con nguoi dang xau di.
Vi¢c theo doi nhip tho lién tuc dong vai tro quan trong trong canh bao sdm trong cac
tinh hudng nguy cép. Trong nhiéu nghién ctru danh gia vé cac dau hiéu sinh ton bat
thuong, Cretikos va cong su (2008) di phat hién ra rang hon mot nira s6 bénh nhan
gip phai tac dung phu nghiém trong c6 thé dugc xac dinh 1a c6 nguy co cao trong
vong 24 gio trude d6 [6]. Jonsson va cong su (2011) cho rang viéc phat hién sém va
ghi lai nhitng thay doi trong cac dau hiéu sinh ton, dac biét 1a nhip tho, c6 thé giup
phat hién suy hd hap, nguyén nhan chinh thudng gip nhat khi nhap vién [8]. Do do,
diéu can thiét 1a co thé lién tuc theo ddi va do tbc do ctia nhip tho.

Trudce day, ngudi ta do nhip thd bang phuong phap dém thu cong nhip thé cia
bénh nhan trong 1 phut va ghi chép lai s6 lidu. Ngay nay, cac phuong phap chinh dé
do nhip tho 1a sir dung cac cam bién tiép xtc. Két qua cua cac phuong phap nay co
d6 chinh xac rat cao nhung lai rat kho dé sir dung lién tuc trong thoi gian dai. Cac
thiét bi nay duogc dat & nhung khu vuc chuyén dung nhu: bénh vién, phong kham,
phai gan tryc tiép trén co thé ctia d6i tugng can do, pham vi do ngén, khong linh hoat.
biéu nay co thé gay ra cam giac khé chiu, mét moi cho bénh nhan. Do dé, sy phat
trién ctia cac cong nghé cam bién khong tiép xuc da giai quyét dugc nhitng han ché

cua cam bién ti€p xtc.



Ngay nay, su phat trién ctia khoa hoc k¥ thuit, cam bién khong tiép xuc c6 kha
ning theo ddi nhip thd dé phat hién nhitng tinh hudng y té c6 thé xay ra trong cudc
song hang ngay nhu ngimg thd khi nga, suy hoé hap... Véi bdi canh dich bénh
COVID-19 hién tai, cam bién khong tiép xuc gitp han ché 1ay lan vi rat, cang phat
huy kha nang uu viét cuia ching. Cam bién Radar, quang hoc, am thanh va nhiét la
nhitng loai cam bién dugc sir dung pho bién dé do nhip thé khong can tiép xuc truc
tiép [2,11]. Tuy nhién, ngudi do c6 thé gap mot vai van dé trong qua trinh van hanh,
st dung. Vi du cam bién dua vao 4m thanh s& bi anh hudong boi tiéng on tir méi
truong. Cam bién quang hoc s& khong hoat dong chinh xéc trong trong méi truong

kém anh sang...

Dic biét, cam bién Radar c6 chi phi thap, nho gon, c6 thé sir dung & nhiing noi
anh sang kém, do chinh xéc cao, bén bi, thich g v&i nhiéu loai dia hinh, méi truong
la mdt trong nhiing diém tich cuc lam cho ta danh gia dugc cam bién Radar c6 loi thé
vuot tréi hon han trong cac cam bién khong tiép xuc khac.Viée str dung cam bién
Radar cho chiing ta m¢t phuong phap do nhip thé don gian va chinh xac hon. Tinh
méi ctia phuong phap nay 13 viée st dung nén tang dya trén sy phan hoi cta song
radar tir cam bién Radar dén 16ng ngyuc ciia bénh nhan va nguoc lai. Két hop voi cac
thuat toan da dugc xay dung san dé tinh toan duoc cac chuyén dong tinh vi cua ddi
tuong (vi du nhu sy nho 1€n ctuia thanh nguc) tr dé cho ra dugce két qua do nhip thé
ctia bénh nhan mot cach nhanh chéng va do tin cay 1én dén 95% so v&i cam bién tiép

xuc [13].

2. Tong quan vé van dé nghién ctru
2.1 Cac phuong phap do nhip thé

Phuong phap dém thi cong. Dé hoan thanh 1 phép do thu cong trong 60 gidy,
ngudi thue hién khong co thoi gian hodc do khoi lugng cong viée nang né va cac moi
quan tdm khac. Thong thudng, s& do 30 gidy hodc 15 gidy nhan vé6i 2 hoic 4, din dén
su khong chinh xéc [4,7]. Mot nghién ciru gdm tong cong 100 bénh nhan noi tra 1a
nguoi trudng thanh da dugc lya chon tir Bénh vién Pa khoa Changi, Singapore, tir

ngay 11 thang 4 nim 2018 dén ngay 16 thang 1 ndm 2019. Pa dat dugc su chap thuin



ctia Ban danh gia T6 chirc Tap trung Singhealth (IRB) cho nghién ctru nay (IRB Ref.
2017/2961). Cac bénh nhan duoc chan dodn miac cac bénh ho hap nhu hen suyén,
bénh phdi tic nghén mén tinh (COPD), hoic viém phdi tir cac bénh vién da
khoa. Trong s6 100 bénh nhan, 4 bénh nhén bi 13i dit liéu trong qué trinh theo ddi,
trong khi 14 bénh nhan bi gian doan dot xuat trong tat ca cac lan dém thi cong. 4 dir
liéu bi hong 1a do d6 bio hoa trong tin hiéu dwgc phat hién. Diéu nay da dugc khic
phuc cho nhitng bénh nhan tiép theo. 14 bénh nhan bi gian doan trong tat ca cac 1an
dém thu cong 1a do ho dai ding, do d6, can tré tim nhin. Gian doan xay ra khi mot
nhan vién y té khac lam gian doan vi¢c dém thu cong dang dién ra hodc khi bénh nhan
ho niang dé chin tAm nhin trong khi dém thu cong. Nhitng gian doan nhu vy da dugc
ghi nhan trén cac biéu mau bao cdo ting truong hop. TAm muoi hai bénh nhan cudi
cung da dugc chon dé phan tich. C& mau tbi thiéu duoc xac dinh béng cach su dung
1 sample, 2-sided t test. Udc tinh dau tién vé d6 1éch trung binh va do 1éch chuan tir
20 tinh nguyén vién duoc xac dinh lan luot 1a 1,06 va 2,22. Udc tinh thir hai vé do
léch chuan va trung binh tir 56 tinh nguyén vién tai Trudng Y té Cong cong Saw Swee
Hock (IRB: S-17-349) duoc xac dinh 13 1,72 va 2,34. Piéu nay dan dén kich thudc
mau trén 14 69 cho 80% cong suit véi mirc ¥ nghia 0,05. Cac két qua twong tu da
duoc sir dung trong [5]. Phuong phap nay c6 sai s6 kha cao do kha ning quan sat kém
vé thoi diém bt dau va két thuc cua nhip tho, khé dém hodc nhé sé 1an dém c6 thé

dan dén ghi chép sai sot [3].

Phuong phap dit cam bién trong miii (Sleep Sense 15802—2; Medes Ltd.,
Radlett, UK) [14]. Pay 12 mot phuong phap dugc thiét 1ap t6t va dang tin ciy thuong
duoc sir dung trong cac nghién ctru vé gidc ngt [12]. Mot bo éng théng miii sir dung
mot 1an duoc dat bén dudi 16 mili. Ong thdng duogc két ndi qua bod loc vi khudn véi
dau do 4p suat chay bang pin (PTAF2; Philips Respironics, Chichester,

UK; www.philips.com/respironics). Thiét bi ndy duoc dit bén canh bénh nhan va tin

hiéu &p suat duoc truyén khdng day (Bluetooth LE) dén bo thu iPod. Tin hiéu ap suat
duoc s hoa ¢ tan s6 12,5 Hz. Sau mdi giai doan nghién ctru, cac ban ghi caa bénh
nhan duoc chuyén tir may thu sang mot may tinh an toan dé phan tich thém. Cac mau

dugc phan tich bang phan mém doc quyén (Spike2, phién ban 5.19; CED, Cambridge,


http://www.philips.com/respironics

Vuong qudc Anh). M&i thoi gian bat dau thd duoc xac dinh va ghi lai ty dong bang
co s phéat hién ngudng trong phén mém hién thi, dé dua ra mot chudi thoi gian (do
chinh x4c > 0,1 gidy) ké tir khi bat dau ghi. Toc do ho hap tong thé duogc tinh cho mbi
bénh nhan, tinh bang nhip thd mdi phit, bang cach chia tong sé chu ky thd hoan chinh
trong ho so cho tong thoi gian ciia cac chu ky dé. Gid tri nay thé hién s do nhip tho
chinh x&c nhit ciia bénh nhan d6. Nhin chung, két qua chinh xac khoang 70%. Tuy
nhién, ty 1& nay thay doi dang ké, tir 27% dén 100%, tly thudc VAo gi tri cu thé caa
tdc d6 h6 hap chung. D4i véi nhirng bénh nhan c6 ty 1¢ & giita giéi han binh thuong,
tir 15 dén 17 nhip tho/phlt, mot ty 18 16n diém sé da duoc phan bd chinh xac. Tuy
nhién, dbi véi nhitng bénh nhan c6 toc do hd hip tong thé tir 19 dén 25 nhip
tho/phut ( tac 12 11 trong s6 25 bénh nhan), phan loai ding la trung binh 47%. Néu

thoi luong mau duoc ting 18n 120 gidy, ty 1é nay ting 1én 54%.

Phuong phap chup cat 16p vi tinh tré khang xuyén 16ng nguc (do chuyén dong
cuia thanh nguc thong qua cac dién cuc do tir xa ctia tim). Phuong phap nay dé bi sai

s6 do cac chuyén dong ciia bénh nhan c6 thé dan dén nhiéu dang ké. [9,10].

Phuong phap do nhip thd bing cam bién Radar siéu rong (UWB) [16]. Tac gia
da str dung cac don vi radar UWB c6 san trén thi trudng PulsON® 440 (P440) Mo-
dun radar tinh dién (MRM) dé tién hanh thi nghiém. Mdi cam bién c6 mot bo phat
UWB va mét bo thu UWB. Bing tan hoat dong ctia may phat va may thu néi chung
1a 3,1 dén 4,8 GHz véi tan s6 trung tdm 14 4,3 GHz. Nghién ctru dién ra trong hai giai
doan: Giai doan dau la trong moi truong cd kiém soat (phong thi nghiém), va giai
doan thir hai 14 trong méi truong 1am sang (ED). O giai doan dau, mdi d6i twong phai
nim yén trén giudng, trai qua ba giai doan nhip thé cu thé: 10 nhip thé mdi phit, 15
nhip thd mdi phut va 20 nhip thd mdi phut. Trong mdi nhip ciia giai doan thd, cac
radar dd chup dugc chuyén dong nguc va bung tuong Gmg cta dbi tuong. O giai doan
thtr hai, dia diém nghién clru 1a mot trung tam y té cham soc do thi, va trung tam chin
thuong cip mot. Bao gdm cac bénh nhan 16n hon hodc bang 18 tudi. Bénh nhan khong
dugc tham gia néu ho dang mang thai. Ba mo-dun Radar dugc dat trong phong véi

d6i tuong trong hai gio, trong thoi gian do, tbe do ho hap dugc thu thap tir man hinh



do tir xa va bang cach dém thu cong véi khoang thoi gian 15 phut. Vi chuyén dong
ctia d6i twong ciing gy anh hudng vao viéc theo ddi ho hap, nghién ctru cling theo
ddi va dinh lugng chuyén dong ciia dbi trong thong qua mot cam bién deo ¢ ¢ tay
c6 ban trén thi treong, thu thip dit lidu gia toc ké (E4, Empatica, Milan, Y). E4 duoc
dit trén c6 tay binh thudng ctia ddi tuong vao dau khung thoi gian 2 gio. Sy di chuyén
clia cac c4 nhan khac vao va ra khoi phong ciing nhu bét ky su kién quan trong nao
déu duoc ghi lai trong thoi gian quan sat. Két qua cho thay tir 2 giai doan duoc so

sanh voi dém nhip thé thu cong cho thiy kha sat nhau.

Phuong phap do nhip thd bang cam bién Radar song milimet (mmWave) [17]
hoat dong & bang tan 60 - 77 GHz. Pay 1a mot cong nghé cam bién khong tiép xtc
dé phat hién cac dbi twong va cung cAp pham vi, van toc va goc cia cac d6i tuong do.
N6 mang lai trai nghiém thoai mai hon va nhanh hon d6i véi co thé con ngudi, va né
da dan duoc chu y trong linh vuc cam bién Radar. Két hop véi cac thuat toan dugc
dé xuit ngin chin tiéng On va gay nhiéu séng hai hoa, d chinh xac cua cac thuat toan
dé xuét cho ca nhip ho hap va nhip thé dat khoang 93% [17]. Uu diém cta phuong
phap nay c6 kha nang xuyén qua cac vat liéu nhu nhya, vach thach cao va quan 4o,
cung cép d6 chinh xac dén tung milimet trong viéc phat hi¢én pham vi dbi tuong,
khong gay anh huong dén nhitng ving tiép xtc truc tiép la: da va mit. Nhuoc diém
la sy phan xa phu thudc vao loai da, mo6 va thanh phén cua n6. Mutc do ham luong
nudc trong co thé va cac thanh phan héa hoc khac nhau ciing cho ra két qua khac

nhau.

2.2 Két luin

Céc phuong phéap do nhip thd dugc liét ké ¢ trén 1a mot phan nho trong nhitng
phuong phép do nhip thé hién nay. Pugc ung dung rong rai trong cac linh vuc y hoc,
cong nghiép,quan su... Trong d6, phuong phap do nhip thd bang cam bién Radar 1a
cong nghé 1y tuéng dé phat hién nhip thé. Ngoai ra, cong nghé cam bién Radar mang
lai loi thé vé giam sat lién tuc, khong tiép xuc truc tiép 1én co thé d6i twong, thuan

tién hon cho ca nguoi theo doi va ngudi dugce theo dai.



3. Muc tiéu nghién ctru
Hiéu 10 co ché, cach thirc hoat dong ctia cam bién Radar do chi so ctia co thé
con nguoi. Dé tai cling trién khai tng dung mot trong so cac tinh ndng cuia Radar vao

xay dung mot hé thdng do nhip thé cac ddi trong can theo dbi.

4. P6i twong va pham vi nghién ciru
Pé tai tap trung vao nghién ctru Iy thuyét vé cam bién Radar va cac tmg dung
lién quan dén do nhip thd ctia cam bién Radar. Két qua cta dé tai 14 phat trién mot hé

thdng do nhip thé va trién khai thuc nghiém.

5. Phwong phap nghién ctru:
Pé dat duoc muc dich nghién ctru, tac gia tap trung tim hiéu, nghién ctru cac
ndi dung theo trinh tu sau :
- Nghién ctru mé hinh tong quan hé théng do nhip thé va cac ky thuat lién
quan.
- Nghién ctru vé cam bién Radar va tmg dung trong do nhip tho.

- Phat trién va thir nghiém hé thong do nhip thd va danh gia két qua dya trén

bo dir licu thu thap dugc.



PHAN NOI DUNG

CHUONG 1. TONG QUAN VE PO NHIP THO
1.1. Bai toan do nhip thé

Ngay nay, co rat nhiéu thiét bi do nhip thd trén thi trudng, chang han nhu méy
do nhip thé. may do oxy hodc dong hd. Tuy nhién, thiét bi phd bién nhét duoc sir
dung tai cac bénh vién 1a dién tam dd, ECG[2], yéu cau cac dién cuc duoc gin vao
co thé bénh nhin. N6 cung cip thém thong tin truc quan vé tin hiéu duogc str dung dé
phat hién bénh tim d& dang hon. Tuy nhién, s& rat hiru ich néu c6 thé do nhip thé
trong mot cach khong tiép xuc vi né mang lai tinh di dong cao hon. Piu nay c6 nghia
la bénh nhan s& khong ban tam vé day va dién cuc dugc dat trén chung. Loai phuong
phap nay cho do nhip thd 1a diéu can thiét cho nhitng bénh nhéan bi cac van dé vé da
nhu bong hoic di tng v4i miéng cam bién. Vi khong cé thiét bi nao phai duoc lam
sach sau khi sir dung, n6 s€ gip kham nhanh hon, giam tai cong viéc tai cac bénh
vién. O d6 ciing 13 nhitng khia canh mai trudng can dugce xem xét. Bang cach st dung
it dung mot lan vat liéu, vi du nhu miéng dém cam bién duoc st dung dé gén cac dién
cuc vao co thé bénh nhén, no sé ¢o loi cho moi truong. Bo chuyén dong trén bé mat
co thé cua nguc béng cam bién radar c6 1a mot k¥ thuat hitru ich khi do cac dau hiéu
sinh ton theo cach khong tiép xtc. trong bai viét Phat hién nhip thd thoi gian thuc
khong tiép xuc thong qua Radar Doppler song lién tuc 24 GHz Sir dung Mang than
kinh nhan tao, ngudi ta néi rang c6 thé phat hién nhip thé bang cach sir dung radar
Doppler Song lién tuc cung véi mang no ron nhan tao.

1.2. Cac nghién ciru trude day
1.2.1 Phat hién nhip tho va nhip tim thong qua song Radar Doopler 24GHz
trong thoi gian thuc

Nebojsa Malesevi¢, Vladimir Petrovi¢, Minja Beli¢, Christian Antfolk,
Veljko Mihajlovié, va Milica Jankovi¢ [12] d4 trinh bay mét phwong phap khong tiép
xuc don gian va hiéu qua dé phat hién ting nhip tim. Phuong phap nay duya trén radar
CW Doppler két hop truc tiép véi tang ANN dé phat hién cac gon song tin hiéu nho

do chuyén dong ciia nguc dudi milimet do nhip tim. Phuwong phap nay c6 do tré thap



hon, d6 phtc tap tinh toan thip hon va trién khai d& dang hon trén nén tang nhing
khi so sanh véi cac phuong phap truyén thong dugc mo ta trong tai liéu, trong khi
van dat duoc d6 chinh xac wdc tinh nhip tim tét nhat.

I{n] [:B/ I(t)
Ql"lD Q(t)

_Radar IC |

DSP

Pai ECG  Module ADC Phan mém ECG
(b) (c)

Hinh 1.1: M6 phéng thi nghi¢ém do bang may di¢n tim do6 va Radar.
(a) Cau truc ctua Radar Doppler cau phuong duoc sir dung cho cac phép do;

(b) Anh chup H¢ théng WWS dugc str dung dé do dién tam d6 (ECG);
(c) Thiét lap thi nghiém.

Trong nghién ciru nay, mot radar CW Doppler véi tan s6 song mang 24 GHz
da dugc st dung dé u6c tinh nhip tim. Vi¢c ghi lai tin hi€u tham chiéu (“su that co
ban”’) cho dao tao ANN va xac thuc d§ chinh xac cua udc tinh dugc thuc hi¢n bﬁng
cach su dung hé théng theo do1 ho hép va tim mach c6 thé deo dugec WWS bao g6m
mot dién tim d6 va mot dai ap dién nhu thé hién trong Hinh 1.1b. Cam bién dién tim
dd duge chon vi d6 chinh x4c cia nd cao hon so véi cac thiét bi theo doi nhip tim
khac nhu may do oxy xung hodc may do quang tam d6. Hé thong chira mot bo vi xtr
ly dé thu thap dir liéu va két ndi Bluetooth dé truyén dir liéu khong diy dén may tinh
ca nhan (PC).P6 1a mot hé thong dugc ching nhdn CE (Conformité
Européenne). Ngoai ra, cac dién cuc duoc két ndi voi da bang vai dét uét, giup loai
bo bat ky kich trng tiém 4n nao c6 thé dén tir keo dinh dién cuc, dic biét néu duoc

st dung trén da khong nhin. Téc d6 mau dé ghi ECG 1a 250 Hz.



Hé thong radar dugc st dung trong thi nghiém 1a Mo6-dun Radar Novelic, NRM24.
Hinh 1.1c hién thi md-dun radar duoc dat trong thiét 1ap thtr nghiém. D6 1a mdt cam
bién radar Doppler két hop DC. M6-dun nhé gon (8 x 5 x 1 cm) va c¢6 thé mang theo
dugc va bao gom hai bang mach in (PCB) xép chong 1én nhau. Cam bién radar PCB
bao gém phan chinh cua giao dién tuong tu: dng-ten, bd thu phat radar tich hop va
mach tich hop vong khéa pha. Cong suat t6i da ¢ dau vao ang ten phat 1a 10
dBm. PCB tht hai 14 bo mach thu nhan, bao gom bd khuéch dai va b¢ loc dai co sd,
mach cdp ngudn, b vi diéu khién (MCU) dya trén ARM Cortex-M4 tich hop bo
ADC 12 bit da kénh va bo chuyén d6i nbi tiép sang USB dé truyén dit liéu. Bo loc
dai co s6 ¢ tan sb cat 1a 100 Hz, duoc coi 1a du cao cho ung dung phat hién dau hiéu
quan trong. Toc d6 14y mau duogc dit thanh f S = 1 kHz, trong khi qua trinh ghi di
liéu trén PC duoc thuc hién bang ung dung tuy chinh giao tiép qua két nbi nbi tiép
véi MCU.

Viéc can chinh cac diém dit liéu tir hé théng Smartex WWS va hé théng radar duoc

thuc hién bang cach khép cac dau thoi gian trong dir liéu da ghi.

400
200

Von (mV)

Két qua

Thoi gian (s)

Hinh 1.2: Két qua do bing may dién tam do.
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Hinh 1.3: Két qua do bang Radar.
Sai s6 cua tong so su kién tim dugc phat hién ddi véi cau hinh FF 20 1 ANN

14 —2% (104 nhip khong bi phat hién trong tong s6 5144 nhip tim duogc trich xuét tir

ECG). Cac kiém dinh thong ké cho thay khong co su khéac biét co ¥ nghia théng ké
giira hai phuong phap nay vé sb luong sy kién duoc phat hién (p>0,05). Su khac biét
vé gia tri trung binh ciia cac IPI dugc tinh bang cach st dung ECG tham chiéu va FF
20 1 ANN 1a —2 miu (—20 mili gidy) va khong c6 ¥ nghia thong ké. Khi néi dén kha
nang phat hién sy kién tim riéng 18, d6i vé6i 11 trong sb6 21 dbi tuong, gia tri trung
binh cua cac 1an phat hién ANN khong khac biét dang ké so vi tham chiéu.

Dbi v6i ANN cu thé cho thiy hiéu suét tot nhit v6i co s& dit liéu dugc ghi lai, ¢ 20
no-ron trong 16p an dau tién, dan dén ~4000 thao tac tich lily nhan 1én. Khi trién khai
trén nén tang nhung (Teensy 4.0 duoc 1ap trinh trong Arduino IDE), phép tinh nay
mat 66 ps, qua du dé thuc hién phuong phap dugc dé xuat trong thoi gian thyc. Vi
qua trinh tinh toan dugc thyc hién voi toc d6 100 Hz nén cb khoang cach ~10 mili
gidy giita cac 1an udc tinh sy kién tim lién tiép.

Vi nhitng két qua ddy hira hen dugc trinh bay trong nghién ctru nay, chung ta c6 thé
thiy trude tng dung ctia hé thdng trong cac muc dich str dung yéu cau hoat dong theo
thoi gian thuc, chang han nhu phat hién con nguoi trong méi truong cong nghiép, 6

to hoac 1am sang.
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1.2.2 Phan tich thanh phdn chinh ciia nhip thé do bang Radar UWB

Khanh L.D., Duong P.X [18] da dé xuat mot phuong phap xir 1y tin hiéu dwa
trén phan tich thanh phan chinh (PCA) dé theo dbi nhip thé bang ra-da xung siéu rong
(UWB). Tin hiéu quan trong bao gém hé hap va nhip thd duoc do bang radar UWB.
Phéan tach tin hi¢u phtrc tap (CSD) hoac phan tach arctangent (AD) thuong duogc su
dung dé 14y mau tryc tiép cho phan tach tin hiéu va duoc sir dung dé xay dung cac
tin hi€u quan trong tr mot tin hiéu tho véi it 161 hon. AD trich xuét tin hiéu pha tur tin
hiéu I/Q, ¢6 lién quan dén sy dich chuyén 16ng nguc. Tuy nhién, cin phai 4p dung
quy trinh can chinh phan ctmg dé trich xuat pha chinh xac. CSD két hop hai tin hiéu
kénh 1/Q thanh mét tin hiéu phirc tap duy nhat, dugc chirmg minh 13 giam 13i phan
cting, chang han nhu jitter trong dong hé FPGA, do d6 ting cudng SNR [19]. Do do,
CSD ciing c6 thé duoc ap dung dé 1ay mau tryc tiép tin hiéu tan s6 vo tuyén (RF) (RF
truc tiép) vai tan s6 ldy mau cao hon tin hiéu xung Tan s6 Nyquist Trong CSD, truyén
song dién tir dwoc nén bang cach chuyén tin hidu trong mién thoi gian sang mién tan
s6 khu vuc.

Thuat todn xu 1y tin hi¢u duoc dé xuét trong bai bao nay st dung PCA dé tang
cuong SNR. PCA duogc st dung dé nén tin hiéu xung tai vi tri cia mét nguoi, do do
cai thién SNR cua tin hi¢u quan trong. Trong PCA, tin hi€u quan trong dugc chiéu
1én PC dau tién cta nd, chtra thong tin quan trong nhat voi tiéng 6n tdi thiéu. Nhip
tho sau d6 dugce tinh toan chinh xac bang bién ddi z chirp (CZT), cung cap do phan
giai tdn sé cao hon so véi phuong phap FFT thong thudng. Hiéu qua cta phuong
phap dé xuat duoc so sanh véi phuong phap 1dy mau FFT tryc tiép va phuong phap
RF tryc tiép. Phép chiéu nay gitp cai thién dang ké ty 18 tin hiéu bi nhiéu so vdi cac
phuong phap thong thuong khac nhu FFT.

Nghién ctru nay dé xuit mot phép do chinh xac va on dinh cta nhip thd bang
radar UWB dua trén PCA. PCA giup nén tin hi¢u xung UWB, do do6 cai thién SNR.
Céc tin hiéu quan trong dugc bién doi va phan tich trong khong gian thanh phan
chinh. Mot phép chiéu trén PC dau tién cung cip thong tin quan trong nhat chat luong
tin hiéu, chira hau hét théng tin vé cac tin hiéu quan trong (84,47%). Ca tin hiéu ho

hap va tin hiéu nhip thé déu dugc duoc cai thién thanh 8 dB-10 dB SNR bang cach
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st dung phuong phap PCA, khi so véi hai cach tiép cin théng thuong: FET truc tiép
va CSD. Do d6, viéc do nhip thd chinh xac hon va 6n dinh va thu dugc véi sai s
binh phuong trung binh gbc 1a 3,28% st dung PCA, khi so sanh véi 36,36% va
53,07% cho phuong phap FFT va CSD tryc tiép, twong ng. Véi nhiing két qua nay,
céc nghién ciru trong twong lai c6 thé diéu tra tinh chinh x4c va manh mé ciia phuong
phap d& xuat cho cac diéu kién thi nghiém khac nhau nhu ting khoang cach, do xuyén
tuong va chuyén dong ctia con ngudi.
1.2.3 Theo déi diu hiéu sinh ton biang Radar séng FMCW Millimeter
Adeel Ahmad, June Chul Roh, Dan Wang, Aish Dubey [14] dd st dung Radar
song FMCW Millimeter dé chiig minh tinh kha thi ctia viéc do cac dau hiéu sinh
t6n ctia nhidu nguoi bang tin suat cam bién song mm (FMCW) CMOS hoat dong tir
76-81 GHz. Ho ciing chiing minh rang cac tng dung nay cé thé dugc hd trg mot cach
dang tin cay boi mot giai phap tich hop gitp toi vu hoa kich thude, muc tiéu thu dién
nang va chi phi an toan giai phap giam sat quan trong.
Thuét toan udc tinh nhip thd, nhip tim bao gdm cac Mo-dun chinh sau:

- Khai thac va boc tach cac pha

- Khir nhiéu

- Téach nhip thé va nhip tim

- Loai bo cac segment bi hong

- Khuéch dai tin hiéu va kiém soat chuyén dong

- Udc lugng quang phod

- Tinh khoang cach gilta cac dinh

- Tinh toan nhip th&

- Tinh toan nhip tim
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Hinh 1.4: So d6 khéi thuit toan wée hrong dau hiéu sinh ton.
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Hinh 1.5: Po dong thoi dau hiéu sinh ton ciia 2 ngudi ngdi tai cing mét khoang cach
hwéng tam tir radar nhung ¢ cac géc khac nhau.

Giam sat dau hiéu quan trong khong tiép xtc dua trén Radar d3 dugc ching
minh bang cach sir dung mot s6 cong nghé Radar nhw UWB, Radar CW Doppler va
FMCW [15], [17]. Mic du tat ca cac phuong phap nay hoat dong t6t trong diéu kién
va méi trudng duoc kiém soat, mot sé thach thire can dugc giai quyét dé 1am cho cac
hé théng nay du tin cay va manh mé dé trién khai cai dat trong thé gi6i thuc. Nhimng

thach thirc nay bao gém viéc doi phé véi tdc dong cua chuyén dong co thé va cam
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bién ngiu nhién, loai bé hiéu qua diéu hoa hoi thd va cac phép do manh mé trong mét
moi trudng, v.v. Noi chung, viéc giai quyét nhitng thach thirc ndy s& yéu cau nhiéu
kha nang xir 1y tin hiéu hon [18,20], hon nita Radar hoic két hop Radar véi cac
phuong thitrc cam bién khac. Dbi v6i cac phép do manh mé hon va bu chuyén dong,
¢6 thé hiru ich khi thyc hién cac phép do twong tu. Ngoai ra dau hiéu sinh tén, cam
bién mmwave c6 thé duoc sir dung dé do budn ngt, mirc do cing thing va cam xiic

clia con nguol.

1.2.4 Ung dung nha thong minh vao theo déi nhip thé va nhip tim

Sy phat trién cua cac cong nghé cam bién phd bién d3 dan dén méi trudong
thong minh c6 thé theo ddi va phan tng véi cac hoat dong hang ngay, chang han nhu
diéu chinh hé thong sudi 4m va 1am mat cia chung ta, dap tng ctr chi cua ching ta
va theo doi nguoi gia cua chung ta. Adib, F., Mao, H., Kabelac, Z., Katabi, D., &
Miller, R. C. (2015) [15] gi6i thiéu Vital-Radio, mot cong nghé cam bién it day giup
theo ddi nhip thd va nhip tim khong tiép xtc co thé. Vital-Radio khai thac thuc té 1a
cac tin hiéu it diy bi anh huong boi chuyén dong trong méi trudng, bao gdm ca
chuyén dong ctia nguc do hit vao va thd ra va da rung dong do nhip tim. Ho di mo ta
hoat dong cuia Vital-Radio va chimg minh thong qua nghién ciru ngudi ding rang né
c6 thé theo dbi nhip thd va nhip tim cta nguoi dung véi do chinh xac trung binh 1a
99%, ngay ca khi ngudi dung ¢ cach xa thiét bi 8 mét, hoic trong mdt phong khac.
Hon nita, n6 c6 thé giam sat cac dau hiéu quan trong ctia nhiéu nguoi cung mot lic.
Ho hinh dung rang Vital-Radio c6 thé kich hoat cac ngdi nha thong minh giam sat
cac ddu hiéu sinh tén ctia con ngudi ma khong can thiét bi do dac co thé va chi dong
g6p phan mang lai hanh phuc cho cu dan.

Vital-Radio hoat dong bang cach sir dung tin hiéu khong diy dé giam sat
chuyén dong hit vao, tho ra va nhip tim. Cu thé, n6 truyén tin hi¢u khong day cong
sut thap va do thoi gian can thiét dé tin hi¢u phan xa trd lai thiét bi. Thoi gian phan
xa phu thudc vao khoang cach cua guong phan xa vao thiét bj va thay dbi khi guong

phan xa di chuyén.
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Hinh 1.6: Chuyén ddng ciia ngue thay ddi thoi gian phan xa tin hiéu.
(a) Cho thiy khi mot nguoi hit vao, 16ng nguc cia anh ta nd ra va trd nén gan ang-ten hon,

do d6 giam thoi gian nhan tin hiéu dé phan nguoc tro lai thiét bi.
(b) Cho thiy rang khi mot nguoi thé ra, nguc cua anh ta co lai va di chuyén ra xa ang-ten,
do do6 khoang cach gitra nguc va ang-ten tang lén, gy ra tang thoi gian phan lai.

Hinh 1.6 minh hoa tic dong cua nhip thd d6i voi thoi gian phan xa cia tin
hiéu. Khi mét ngudi hit vao, nguc cta anh ta mé rong va di chuyén vé phia trudc,
giam thoi gian phan xa[7]. Nguoc lai, khi mot nguoi tho ra, 10ng nguc cua anh ta di
chuyén ra xa khoi thiét bi, do d6 1am ting thoi gian phan chiéu. Noi chung, ngay ca
khi nguoi d6 khong ddi dién truc tiép voi thiét bi cua ho, tin hiéu khong day di qua
co thé anh ta va cac ddu hiéu quan trong cta anh ta gdy ra thay d6i dinh ky trong thoi
gian phan xa cta tin hiéu. Vital-Radio do luong nhiing thay doi nay va phén tich
chung dé trich xuét nhip thd va nhip tim. Mot tinh nang chinh cua Vital-Radio 14 kha
ning giam sat cac hoat dong quan trong. dau hiéu nhiéu ngudi va hoat dong manh mé
khong bat ngudi sir dung phai nam yén. Thach thirc chinh trong viéc cung cap nay
dic diém 1a bat ky chuyén dong ndo trong mdi truong déu cé thé anh huéng dén tin
hi¢u khong day va do do can tr¢ vi¢e theo doi hoi thd hodc nhip tim. Cong viéce trudc
day giai quyét thach thirc nay bang cach yéu cau chi mot ngudi c6 mit trude thiét b

va rang ngudi van dung yén. Nguoc lai, Vital-Radio nhan ra rang ngudi ta c6 thé giai
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quyét van dé nay bang cach xay dung cac cong nghé dinh vi ngudi ding bang tin hiéu
khong day [16]. Cu thé, Vital-Radio trudc tién s& ban dia hoa ting ngudi ding trong
moi trudng, sau d6 phong to tin hiéu duoc phan anh tir mdi ngudi dung va phan tich
cac bién thé trong hinh anh phan chiéu cta anh 4y dé trich xuét nhip th va nhip tim
ctia anh dy.Béing cach co 1ap phan xa ctia ngudi dung, Vital-Radio ciing loai bo cac
ngudn giy nhiéu khac bao gém ca tiéng 6n hodc chuyén dong khong lién quan trong
moi truong, diéu nay cé thé che gidu mot cach khon ngoan cac bién thé nhé do cac
dau hiéu quan trong cua ngudi dung. Diéu nay cho phép Vital-Radio theo ddi nhip
thé ctia nhiéu nguoi dung va nhip tim, va dé hoat dong & khoang cach 1én dén 8 m tur
nguoi dung hodc tham chi tir phia sau mot birc tuong.

Céac nha khoa hoc d3 xay dung mot nguyén mau thoi gian thuc cua Vital-Radio
va da xac thuc kha niang ciia n bang cach tién hanh thi nghiém véi 14 d6i tuong. D6i
v6i1 thong tin co ban, ho st dung nhip thd va nhip tim dugc FDA. B6 thiét bi bao gff)m
day deo nguc dé theo ddi chuyén dong hit vao thd ra va may do oxy xung duoc dit
trén ngon tay cia doi twong dé theo ddi nhip tim cta ho. Trong danh gia diém chuan
ctia ho, ho yéu cau ngudi ding deo man hinh co sé, trong khi Vital-Radio giam sét
ho tir xa ma khong can bat ky tiép xtc co thé nao.

Ho di so sanh dau ra cta Vital-Radio v&i mat dat su that tir cac dudng co sé
dugc FDA chap thuan va chimg minh rang Vital-Radio theo ddi chinh x4c cac kiéu
tho va nhip tim. Qua hon 200 thi nghiém kéo dai hai phut, két qua cta ho cho thay
rang:

- Vital-Radio c6 thé theo ddi chinh x4c hoi thé ciia mot ngudi va nhip tim ma
khong can tiép xtic co thé.

- Ngay ca khi nguoi dung dang dung dén 8 mét cach xa thiét bi hodc sau buic
tuong.

- Do chinh xéc trung binh cua Vital-Radio ddi vai nhip tho 1a 99,3%
(sai s6 0,09 nhip thd/phut) va ddi v6i nhip tim 1a 98,5% (0,95 nhip/phit)
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- Khi ngudi d6 cach vat 1 m. Po chinh xac giam xudng 98,7%

(sai s6 0,15 nhip thé/phat) va 98,3% (1,1 nhip/phit) khi mdi nguoi cach thiét

bi 8 m.

- Trong khu vyc trai rong 8 m x 5 m, Vital-Radio c6 thé giam sat ddu hiéu quan
trong cua tdi da ba c4 nhan v&i dd chinh xac nhu nhau d6i véi mot nguoi.
Tuong ty, nhitng tién bo trong hé théng truyén dan khong day va xir 1y tin hiéu

d3 cho phép cac nha nghién ctru phat hién va phan tich ddu hiéu sinh tén cta con
ngudi. D& xuit trong qua khir str dung mot trong nhitng diéu sau day ky thuat: Radar
Doppler, WiFi hodc radar si€u bang rong (UWB). Thach thitc chinh trong viéc str
dung tin hiéu khong day dé trich xuat cac ddu hiéu quan trong 1 bat ky chuyén dong
nao trong moi trudng anh hudng dén tin hiéu. Vi nhip thé va nhip tim 13 nhitng chuyén
dong nho, nén ching c6 thé dé dang bi che day bai nhiéu tir ciia bat ky ngudn chuyén
dong nao khac trong moi trudng. Hon nita, sy hién dién cua nhiéu nguoi ding — tham
chi néu khong c6 thiét bi nao di chuyén — ngin cac hé thong nay hoat dong chinh xac
do tin hiéu khong day s& bi anh huéng boi su két hop cia cac dau hiéu quan trong
ctia ho, 1am cho no kho khan dé g0 r6i ddu hiéu sinh tdn cia mdi c4 nhan. Cac dé xuit
trude day giai quyét van dé nay van dé bang cach dam bao rang chi c6 mot ngudn
chuyén dong trong méi trudng: cu thé 13, cac ddu hiéu quan trong cia gidm sat ca
nhan.

Do d06, thiét 1ap thir nghiém ctia ho c6 mot ngudi, ngudi thudng nam yén & gan
thiét bi. Trai nguoc voi cac hé théng trude day, Vital-Radio c6 mot co ché ndi tai cho
phép né tach cac ngudn khac nhau. ciia chuyén dong trong méi trudng. Dé 1am nhu
vay, Vital-Radio xay dung vé cac k¥ thuat ban dia hoa khong diy tién tién nhat, trong
d6 co thé xac dinh khoang cach gitra thiét bi va khac nhau ddi twong chuyén dong.
Vital-Radio, tuy nhién, sir dung cac phuong phap nay dé g& rdi cac tin hiéu dén dya
trén khoang cach, thay vi so véi ude tinh vi tri thuc té. Diéu nay cho phép né tach
biét tin hi¢u phan xa tr co thé va bod phan co thé khac nhau. Sau d6 né phan tich
chuyén dong cua ho mot cach doc lap dé uéc tinh hoi thd va nhip tim cua nhiéu c4

nhan tiém nang.
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1.2.4.1 Thit nghiém do trén 1 nguoi

Pé hiéu hoat dong cta Vital-Radio, cac nha khoa hoc d3 thir nghiém 1an do

dau tién v6i mot ngudi trong phong, khoang cach tir 1m dén 8m.

(@) Mé hinh (b)

7 Hinh 1.7: Thiét 1ap thir nghiém.

(a) Hién thi mot nguoi, ngoi cach khoang 2,5m cach xa ang-ten cua Vital-Radio
Nguoi dung ciing deo diy deo nguc va mot may do oxy, dugc két ndi véi Alice
PDx dé thu duoc cac phép do thuc té co ban.

(b) Ang ten Vital-Radio.

= Trung binh —m 90% =
“100| 933 99.4 993 99.1 992 986 992 687
{E_ o EEEEEE :
Z 60

40

20

0

1 2 3 - 0 6 7 8
Khoang cach tir thiét bi (m)

Hinh 1.8: Két qua do nhip thé thu dwoc tir Vital-Radio va thiét bi do Alice PDx.
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Trung binh ——m 90%
98.5 98.3
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Nhip tim

Khoang cach tir thiét bi (m)

Hinh 1.9: Két qua do nhip tim thu dwgc tir Vital-Radio va thiét bi do Alice
PDx.
Tur Hinh 1.8 va Hinh 1.9 cho thay d6 chinh xéc trung binh 13 99,3% & cach thiét bi

1m va t6i 98,7% & cach thiét bi 8m.

Nhin biéu dd thi nhan théy duoc do chinh xéac trén 90% cho tat ca cac lan do.

Nhip tho I Nhip tim  m——

=
o O
o O

N B
o o

Do chinh xic trung binh(%)
(o))
o

o

Trwéec mat Ben trai Ping sau Bén phai

Hinh 1.10: P chinh xac trung binh ciia Vital Radio d6i véi nhip thé va nhip
tim doi véi nguoi dung ngoi cach thiét bi 4m va quay mat vé cac hwéng khac
nhau.
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1.2.4.2 Thir nghiém do trén nhiéu nguoi
Cac nha khoa hoc quan tdm dén viéc danh gia do chinh xac cta Vital-Radio

cho giam sat ddu hiéu quan trong nhiéu nguoi dung. Do d6, ho thuc hién céc thir
nghiém nay, trong d6 ho di yéu cau ba nguoi dung ciia minh ngdi 1én mot chiée ghé
& cac mbc 2m, 4m va 6m trong Hinh 1.11. Trong mdi thir nghiém, Vital-Radio xac
dinh rang c6 3 nguoi dung, mdi nguoi ¢ khoang cach tuwong tng cia anh ay véi thiét
bi va dua ra cac diu hiéu quan trong cua tung thiét bi. Tuy nhién, thiét bi do
(AlicePDx) chi c6 thé giam sat mot ngudi dung duy nhét tai bat ky thoi diém nao. Do
do, ¢ danh gia do chinh xéc, trude tién ho két ndi thiét bi do (AlicePDx) v6i nguoi
dung dau tién va so sanh dau ra ciia n6 v4i dau ra cia VitalRadio cho ngudi ding tai
khoang cach d6 va cho thoi diém d6. Sau d6, ho lan luot di chuyén thiét bi do

(AlicePDx) dén nhiing nguoi ding con lai.

I Ths | \/
« : —> ;?l(., ’)i ‘ D
° Do rong . ® -
A ‘ .
, )
.
< g |
v . |
Vimi - ® ol
doi twong
IA -
S ] -

Hinh 1.11: Thiét ké thir nghi¢m.

Hinh v& cho thay bd cuc thiét lap thir nghiém, danh dau vi tri cua Vital-Radio
bang mau xanh va cac ddi tuong mau do duoc giam sat dang ngdi & cac vi tri khac

nhau.
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Hinh 1.12: Két qua Vital-Radio do d9 chinh xéc trung binh trong viéc theo déi cac
diu hiéu quan trong ciia dong thoi 3 ngudi. Ngdi cach thiét bi 2m, 4m va 6m.

Hinh nay cho théy Vital-Radio's theo d6i nhip thé va nhip tim ¢6 d6 chinh xac
1a khoang 98% cho ca ba nguoi dung. Ciing luu y rang, do sy gia ting khoang cach
giita nhitng ngudi dung nay va thiét bi ma do chinh xac trung binh cua nguoi ding
gan nhat cao hon so véi hai nguoi dung tiép theo Nhitng két qua niy xac minh rang
Vital-Radio c6 thé theo ddi dau hiéu quan trong ctia nhiéu nguoi ding va do chinh
xéac theo ddi ciia nd ddi voi nhidu nguoi dung ciing giéng nhu dbi véi mot ngudi
dung.
1.2.4.3 Theo déi nhip tim ciia ngwoi ding dang tdp thé duc

Phuyc hoi nhip tim - twong (mg véi tbe dd nhip tim cia mot ngudi giam nhanh
nhu thé nao sau khi tap thé duc - 12 mét thude do quan trong dé x4c dinh mure d6 khoe
manh cua trai tim mdt nguoi. Cu thé, mot trai tim manh m& hon ¢6 nhip tim phuc hoi
nhanh chéng, va ty 1& phuc hdi d6 13 yéu té du bao ty 1é tir vong. Do dé, mét cach
quan trong ma Vital-Radio c6 thé dong gop vao stic khoe cua nha thong minh 1a do

chinh xac nhip tim sau khi nguoi ding tap thé duc.
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Hinh 1.13: Két qua do nhip tim ciia nguoi dung bang Vital-Radio (mau dé)
’ va thiét bi do AlicePDx (mau den). 7

Trong sudt khoang thoi gian hai phuat sau khi doi1 tugng ngung tap thé duc.
Biéu d6 cho thay Vital-Radio c6 thé theo ddi hiéu qua cac bién thé trong nhip tim.
Luu ¥ rang, trong sudt khoang thoi gian hai phit nay, c6 xu huéng giam nhip tim (tir
khoang 93 nhip/phut dén khoang 70 nhip/phut), du kién vi d6i tugng dang ¢ trang
thai nghi ngoi sau khi tap thé duc. Ciing, lvu ¥ rang trong sudt giai doan nay, nhip
tim thay d6i lién tuc theo xu hudng d6 va ca su that co ban va Vital-Radio c6 thé ghi
lai cac bién thé nay. Qua cac thir nghiém véi nhiéu ddi tuong, Vital-Radio's d chinh
xéc trung binh trong viéc do nhip thd va nhip tim 13 1an luot 12 99,4% va 99% va phan
vi thr 90 1a 91,7% va 96,8%. Nhitng con sb nay tuong tu nhu do chinh xac dat duogc
trong cac thi nghiém truéc day cua ching t6i, khi cac dbi tuong duoc nghi ngoi day
du, chira réng Vital-Radio thuc su ¢ thé ghi lai cac dau hiéu quan trong cua ching
t6i va theo ddi chiing mdt cach chinh xac ngay ca khi chung thay doi.

Trudc day, cac nha nghién ctru thudng sir dung cam bién dé do phan tng cam
xuc, muc do cang théng, hiéu suit nhan thirc va mic do tuong tac cua nguoi dung.
Tuy nhién, mot mdi quan tAm chinh véi cac cam bién trong qua khir (vi du: may do
oxy, EEG, FNIRs, GSR) 1a ho yéu cau tiép xuc truc tiép voi co thé cua nguodi dung

va do d6 co thé anh hudng dén trai nghiém ctia nguoi dung. Nguoc lai, Vital-Radio
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khéng yéu cau ngudi dung phai tiép xuc truc tiép va do d6 khong 1am anh huéng dén
trai nghiém nguoi dung.
1.2.5 Theo déi nhip thé va nhip tim trong thoi gian thwe bang séng WiFi
Gidc ngu c6 chat luong tot 12 diéu can thiét dé c6 strc khoe va tinh than tot
[14]. Tuy nhién, nhiéu bénh trong gidc ngu gy tr vong nhu ngirng tim [4], ngung
tho khi ngt [13] va hen suyén [11]. C4c nghién ctru trude day ciing chi ra rang nhip
thd bi roi loan 1a mgt nguyén nhan dién hinh cua hoi chirng dot tir ¢ tré so sinh
(SIDS). Nhiéu truong hop bénh nhan mic bénh ho hip, bénh chi xuat hién cac triéu
ching trong mot thoi gian ngén. Do d6, lién tuc theo ddi gidc ngii trd thanh mot chu
dé nghién ctru quan trong va can thiét. Tac gia Yu Gu, Xiang Zhang , Zhi Liu and
Fuji Ren [21] d dé xuat mot giai phap theo ddi cac ddu hiéu (nhip thd va nhip tim)
dua trén séng Wifi véi chi phi thap, lién tuc va khong tiép xtic. Pic biét, ho da thiét
1ap anten dya trén mo hinh nhiéu xa Fresnel va 1y thuyét lan truyén tin hiéu, giup
ting cudng phat hién chuyén dong nhip thé/nhip tim yéu [23]. Tac gia thuc hién
mot nguyén mau hé thong st dung cac thiét bi c6 sin va xtr 1y theo thoi gian thyc hé
théng theo ddi cac dau hiéu sinh tén. Thi nghiém cho thdy két qua nhip thé va nhip

tim ¢6 hiéu suat phat hién chinh x4c.
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1.2.5.1 Thi nghiém so bo:

Q Ranh gici Fresnel thi n

Ranh gidi Fresnel thit hai

Ranh gi¢i Fresnel thir nhat

Vung Fresnel thir n

Vung Fresnel thir hai
Ving Fresnel thit nhat

Hinh 1.14: Vung Fresnel.

Vung Fresnel dugc dinh nghia 1a mot loat céc elip déng tam, va P1 va P2 1a vi tri cua
anten phat va anten thu twong mg Tx va Rx 1an luot dai dién cho ngudi giri va ngudi

nhan.

% M0 hinh thir nghiém
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Hinh 1.15: M# hinh thir nghiém hé thong.
(a) Cai dat 1: T1 la anten phat va R1,R2,R3 Ia anten thu, khoang céch tir T1 dén R3

la 80cm, khoang cach gitra T1 va R1 1a 120cm;

(b) Cai dat 2: Long nguc nam trén LOS cta T1-R2, khoang cach tir T1 dén R3 1a
20cm, va khoang cach gitra T1-R2 la 120cm;

(c) Cai dat 3: Long nguc nam trong ving Fresnel dau tién cua T1-R2, khoang cach
tir T1 dén R3 13 30cm, va khoang cach gitta T1 va R2 1a 120cm.

Poi twong tham gia

Mot nam sinh vién 22 tudi

Moi trudng thir nghiém

Tién hanh thi nghiém trong phong 1am viéc trén dién tich 7x10m2, v&i noi that
bao gom ghé, truong ky, ban vi tinh, t sach.

Céc sinh vién khac cling & cung mdt noi trong cac thi nghiém.

Thiét 1ap thir nghiém

Téc do truyén goi tin dugc cai dat 1a 500hz, nguoi tham gia tién hanh cac thi
nghiém véi cac tu thé nga khac nhau(ndm tp, nim nghiéng va nim quay mit
xubng) voi cac cai dit khac nhau cta dng-ten (nhu minh hoa trong Hinh 15).

Thiét ké hé thong
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Truyén tin hiéu th:m tin hiéu

Channel datal

[ csidawm | Lu a chon tan so =t —s
Dau hiéu
Pinh vi chuyén dong strsong
Khnr nhiéu

Chia mién tan so

Nhip the Nhip tim
Co so dir ligu
Nhan Linux

Hinh 1.16: Thiét ké h¢ thong thir nghi¢m.

Tac gia da st dung cong cu CSI dé trich xuat dir liéu CSI tir tin hiéu Wifi,
sau d6 giri dir liéu dén may tinh dé xir 1y.
Quy trinh 1am viéc gdm céc budc nhu sau:

- Lua chon Subcarrier.

- Khtr nhiéu dit ligu.

- Phén tach mién tan sb.

- Trich xuat dau hiéu quan trong ( nhip thd, nhip tim ) dé danh gia

riéng.

- Luu trir dit liéu thd CSI vao co sé dit lidu dé phan tich sau.
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Antennas

P R e

Hinh 1.17: Mé hinh thuec té.

Phén ctng sir dung gdm 2 May tinh lam thiét bi giri va nhén tin hiéu ¢ cdu hinh nhu
Sau.

- Card mang Intel Link 5300 WiFi NIC.

- B¢ vi xtr Iy Celeron N2830 2.16GHz Intel .

- 2GB RAM.

- Heé diéu hanh Ubuntu 12.04.

- 4 ang-ten duoc bd cuc nhu trong Hinh 1.17.

% Keét qll{l
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’ Hinh 1.18: Két qua do thir nghiém.

(a) Két qua phat hién cai dat 1.

(b) Két qua phat hién cai dat 2.

(c) Két qua phat hién cai dt 3.

Cac nha khoa hoc danh gia hiéu suat tong thé ctia nhip thd va nhip tim wéc

tinh ty 1¢ theo cac tu thé nga khac nhau. Théng sb 15i trung binh 0,575 bpm

(nhip mdi phut) cho phét hién hoi thé, 3,9 bpm dé phat hién nhip tim. Téng

thé d6 chinh xé4c cho nhip tim va nhip tho 1an luot 12 96,636% va 94,215%.
< Két luan

Trong thi nghiém nay, cic nha nghién ctru da chi ra rang ho c6 thé sir dung tin
hiéu WiFi dé theo ddi cac dau hiéu quan trong ctia moi ngudi (hoi thd va nhip tim)
cho céc tu thé ngu khac nhau chi béng mot cdp thiét bi WiFi. Dic biét, hé th6ng cua
ho da khai thac CSI trich xuét tir Wifi dé phat hién cac chuyén dong nho do hoi tho
va nhip tim. Ho thiét 1ap ang-ten dya trén mo hinh Fresnel nhiéu xa va 1y thuyét truyén
tin hiéu, gitip ting cuong kha ning phat hién chuyén dong nhip thé/nhip tim yéu. Ho
da trién khai mot hé thong nguyén mau bang cach st dung cac thiét bi co sin va mot
hé thdng xir 1y thoi gian thuc dé theo dbi cac ddu hiéu quan trong trong thoi gian thuec.

Két qua thyc nghiém cho thay d6 chinh xac nhip tho va higu suat phat hién nhip tim.



29

bén trong trong twong lai, ching t6i dy dinh thiét ké mot dinh vi chuyén dong bat
thuong thudt toan dua trén phat hién déu dan, c6 thé chinh x4c dinh vi pham vi ctua
cac chuyén dong bat thudng (14t lai va 13y 1én, v.v.) va phan loai cic chuyén dong bat
thuong dé cung cp thém thong tin gidc ngu chi tiét.

1.3. Két luan
Chuong nay da khai quat vé mot s6 nhitng nghién ctru trudc day ctia cac nha

khoa hoc vé do nhip th, nhip tim bang cam bién Radar khong tiép xtic. Chuong ciing
dua ra va phan tich cic phuong phap dang sir dung dé tir d6 lam tién dé cho chuwong
2.
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CHUONG 2: NGHIEN CUU PHUONG PHAP THEO DOI
NHIP THO BANG CAM BIEN RADAR

2.1. Gi6i thiéu vé cam bién Radar TI IWR- 1443
2.1.1 Ly do chon cim bién Radar TI IWR- 1443

Trén thi truong hién tai co rat nhiéu loai cam bién Radar c6 thé theo doi dau
hiéu sinh tén ctia con ngudi ndi chung va theo ddi nhip thd noi riéng nhung Radar
IWR1443 1a mét bo mach mmWave don nhan tich hgp dua trén cong nghé radar
FMCW c6 kha ning hoat dong & bang tan 76-81GHz véi tiéng chirp lién tuc 1én dén
4 GHz. Thiét bi dugc xay dung vdi quy trinh RFCMOS 45nm cong suét thap ciia TI
va giai phap nay cho phép murc d6 tich hop chua tirng c¢6 trong mét hinh dang cuc ky
nho. IWR 1443 13 mot giai phap 1y tuong cho cac hé thdng radar siéu chinh xac, ning
luong thap, tu giam sat trong cac ung dung cong nghiép nhu tu dong hoa toa nha, tu
dong hdéa nha may, may bay khong nguoi 1ai, xir 1y vat li€u, gidm sat giao thong va
giam sat. Thiét bi IWR 1443 1a mot giai phap don nhén, khép kin giup don gian hoa
viéc trién khai Cam bién mmWave trong dai tan tir 76 dén 81 GHz [22]. IWR1443
bao gom viéc trién khai nguyén khéi mot Hé thong 3TX, 4RX tich hop bo chuyén
d6i PLL va A2D. Bo mach da bao gém day du cau hinh phan ciimg may gia toc hd
trg phat hién FFT va CFAR phurec tap.

Ngoai ra, thiét bi bao g@)m hai ARM Cac hé théng con cua bo xur ly dua trén
R4F: mot hé théng con cua bd xur Iy danh cho diéu khién chinh va cac hé théng con
bod sung thuat toan, mot hé théng con bd xtr Iy thir hai chiu trach nhiém cAu hinh, diéu
Khién va dinh dang. Céc thay d6i mo hinh 1ap trinh don gian ¢ thé cho phép trién
khai nhiéu loai cam bién v&i kha nang cau hinh lai dé trién khai cam bién da ché do.
Ngoai ra, thiét bi duoc duoc cung cip duéi dang giai phap nén tang hoan chinh bao
gdm thiét ké phan ctng tham chiéu, trinh diéu khién phadn mém, mAu cdu hinh, huéng

dan API, dao tao va tai liéu nguoi dung.
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Hinh 2.2: So d6 khéi Radar T1 IWR1443.
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External DSP
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2.1.2 Théng sé co bén ciia cim bién Radar T1 IWR- 1443

Bang 2.1: Thong s6 co ban cam bién Radar IWR-1443,

Tan s6 76 - 81 GHz

Ang ten thu tin hiéu(Rx) 4

Ang ten phat tin hiéu (Tx) 3

T6c d6 1ay mau ADC (MSPS) 375

Cong suit phat (dBm) 12

Arm CPU ARM R4F @ 200MHz

Co-processor(s)

Radar Hardware Accelerator

RAM (KB)

576

Loai Interface

CAN, CSI-2, 12C, LVDS, QSPI, SPI, UART

Pham vi nhiét do(C)

-40 dén 105

Nguon dién

LP87702-Q1, LP87745-Q1

2.1.3 So sdnh véi cdc logi cam bién Radar khdc

Bang 2.2: So sanh Radar IWR-1443 véi cac loai khac.

Loai Radar IWR- 1443 FMCW FMCW
Tan s6 (GHz) 77-81 77-81 76-81
Pham vi t6i da (m) 2.55 43 2
Phat hién dong thoi (Nguoi) 4 2 1

Moi truong thi nghi¢m Trong nha - Phong ngu

Nhu vy, phuong phap nay c6 thé gitp cai thién dich vu y té trong viéc do cac

d4u hiéu sinh ton cua nhitng bénh nhan c6 lan da nhay cam, chéng han nhu da bi

bong, vi cdm bién khong dugc gan vao dén co thé. Hon nita, h¢ thong nay cé thé giup

khic phuc nhitng han ché cia hoat dong y té dé phuc vu ddng thoi nhiéu bénh nhan

trong mat thoi gian ngan vi hé thong nay cé the kiém tra cac dau hiéu quan trong cta

bon nguoi cung mdt luc. Ngoai ra, viéc phat hién cac dau hi¢u sinh ton ctia con ngudi

ma khong can tiép xtc vat ly cling c6 thé dugc dugc sir dung trong qua trinh giai ctru
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nhirng ngudi bi nghién nat boi cic manh v cua toa nha do dong dit. Phuong phap

nay co thé phat hién xem c6 con nguoi song sot dudi dong do nat cua toa nha hay

khong. Do d6, c6 thé thu dugc nhitng loi ich ddng ké tir viéc phat hién d4u hiéu sinh

t6n cta con ngudi ndy bang cach sir dung dong thoi phuong phap phat hién.

2.1.4 Uu va nhwoe diém ciia cam bién Radar IWR - 1443

R/
0‘0

Uu diém

Manh mé&- Radar mmWave manh mé& véi cac diéu kién khi quyén nhu bui,
khoi va swong mii so v6i cac cam bién hong ngoai.

Hoat dong dudi cuong do sang khac nhau - Radar mmWave c6 thé hoat dong
dudi anh sang ruc rd, dén choi hodc khong co den.

Cung cap cac phép do khoang cach chinh xac hon cta cac chudng ngai vat gan
d6 (tire 1a cac vat thé va con ngudi).

Vi su tién bo trong cong ngh¢ mmWave, hé théng Radar mmWave da tro nén
nho gon va khong chiém nhiéu khong gian hon. Piéu nay da tién phong cho
moi ngudi ap dung cong nghé Radar mmWave dé str dung cho ho.

Kich thudc dng-ten rat nho va do d6 sb lugng 16n ang-ten duoc tich hop trong
mot dién tich bé.

Bang thong 16n - Bang thong 16n ciia cong nghé radar mmWave cho phép truy
cAp vao cac tinh ning ciu tric chi tiét cia muc tiéu bang cach st dung tin hiéu
didu ché tan sd bang thong rong.

Nhuwoc diém

N6 dé bi anh hudng boi bau khi quyén va cac thong sb khi twong khac. Do d6
n6 khong cung cap do khoang cach chinh xac cuia cac vat thé gan d6. Diéu nay
1am suy yéu qua trinh x4c dinh vat thé.

Hoat dong ctia radar song milimet bi anh huong do nhiéu tir cac cot dién gﬁn

do, thap di dong, WiF1/ diém truy cap di dong, v.v.



34

2.2 Nguyén ly hoat dong ciia cim bién Radar IWR- 1443

an ten phat song

5 ? Synth
-
ang ten thu song - | Loc [ Acc [ FFT
( ) L L )
~" ~ "
Tinhicuradio  Tin hi¢u tho Tin hiéu ma hoa

Hinh 2.3: Nguyén ly hoat djng ciia Radar.
- Radar lién tuc phat tin hi¢u va nhan tin hi¢u phan hoi tir vung nguc cua

nguoi dugc theo doi.
- Tin hiéu chay qua mot “Mixer” dé tao ra tin sb trung gian IF
- Tin hi€u chay qua b0 loc LP dé loc phén tan s cao.
- Sau khi thuc hién c4c thuat toan FFT s€ phan tich dugc nhip tim va nhip tho.
2.3. Thuit toan do nhip thé bang cam bién Radar
IWR- 1443 la loai Radar phat ra tin hi€u hinh sin trong mdt khoang thoi gian
nhat dinh. thoi gian quét T. Tin hiéu hinh sin dugc diéu ché bang diéu ché tan s6 véi
mot bang thong B. Tin hiéu nay con dugc goi 1a tin hi€u chirp. Mt tin hiéu chirp la
mot hinh sin séng ¢6 tan s ting tuyén tinh theo thoi gian [12].
Tan s6 ban dau cua no 1a f..
Tin hiéu FMCW d3 truyén s(t) duoc biéu dién nhu sau:

s(t) = Acos (2nf.t + n?tz)‘ 1)

Trong do:
- Alabién do.
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- fc 13 tan s6 ban dau.

- T lakhoéang thot gian quét.

- B la bang thong.
Tin hiéu s(t) nay dugc muc tiéu phan xa trd lai may thu Radar. Tin hiéu nhan dugc
r(t) 1a thoi gian tré, t¢ 13 phién ban cta tin hiéu truyén.

(2)

r(t) = (A — a) cos (2nf.(t — ty) + ng(t —tg)?),

Trong do:
A 1a bién do.

- ala dj tiéu hao.

- fc 13 tan sb ban dau.

- tq la thoi gian tré.

- B la bang thong.

- T la khoang thoi gian quét.
Tin hiéu nhan duoc r(t) sau d6 dugc xtr Iy thém bai hé théng may thu Radar dé tao
ra tao ra mot tin hiéu goi 13 tin hiéu nhip b(t). Néu c6 bdn muc tiéu trong truong
quan sat ctia radar, thi tong tin hiéu nhip 14 tong cia bon tin hiéu nhip tir mdi muc
tiéu. Biét Ri chinh Ia khoang céch tir Radar cua muc tiéu i, vi 1a van téc ciia muc

tiéu i, va i 1a goc ctia su xuat hién. Sau @9, cho trude ts, n va k, do d6 tin hiéu nhip

nhu sau:
4
a B2R;  2fw, d sin(6;) ATf.R, 3)
b(ts,n. k) = E; (CUS (2?’[ (FT ts + - nT + 7 k) + (T)))
Trong do:

- 0<ts< T lasd luong cuia pham vi Bins.

- 0<n<(N-1)1asb cua Dop- pler Bins,

- 0<k<(K-1) lala sé luong Ang-ten do.
Bé“mg cach thu dugc cac pha cua tin hi¢u nhip, co thé duoc tinh toan thong tin vé do
léch twong dbi, khoang cach gitta nguc ctia muc tiéu va Radar. Khoang cach 13

turong d6i boi vi 16ng nguc lién tuc di chuyén theo tde do thd va tdc d6 nhip tim.
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Dé d& hiéu hon, qua trinh xir 1y tin hiéu s& dwgc giai thich bang tin hiéu bt ngudn
tir mot ang-ten. Bo tron tron tin hiéu duoc goi 14 r(t), c6 ngudn gde tir dng-ten thu
tin hiéu Rx va tin hiéu truyén s(t). Pau ra ctia LPF duogc goi 1a tin hiéu beat b(t).
Tin hiéu beat c6 thé duoc xay dung thuat toan bang cach st dung Phuong trinh (1)

va (2) nhu sau:

b(t) = LPF (s()r(t)) = %cos (ZH%t + 2nf.ty — n?tdz). (4)

bat ta = 2R/c, fc=c/iva bo qua cac gia tri nho, sau do b(t) tré thanh:

a B 2R 4R
b(t) = —cos( —_—

5 2Zn—=——1=t+

o
T ¢ 1 ) = cos Crfut + ¢p). ()
Trong d6 fy 12 tan sb cua tin hiéu beat, va ¢y 1a pha ciia tin hiéu beat.
Thao tac dau tién (FFT) cho dau ra ADC tao ra tin s va pha cua tin hiéu beat.
Pham vi R ¢6 thé duoc tinh tir cic lwong tir ndy- quan hé bang cach str dung cac

cong thirc sau:

B 2R (6)
=

4R
by = — (7)

Hé thdng sir dung bon dng-ten thu va hai-ing ten phat. Ang-ten hoat dong &
ché d6 luan phién, do d6 tam tin hiéu dng-ten nhan duoc tir Rx1 dén Rx8.

O lan FFT thi hai, dugc thyc hién theo dit liéu cua tirng khoang. Vi c6 8 tin
hiéu Rx, 2D-FFT sé tao ra cac dinh & cung mét vi tri nhung vai cdc pha khac nhau.

Do léch pha do dugc (8) ¢6 thé dugc sir dung dé tinh gdc téi (0) ciia muc tiéu.

N6 duoc viét bang cong thirc nhu sau:

5 = 2md sin (0) 0 = sin-! ﬁ (8)
=T T UEsm (Z:rrd)'
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Trong d6 d 1a khoang céch giita cac dng-ten Rx lién ké. Do d6, qua trinh nay
tao ra dir liéu pham vi goc. Sau do, n6 dugc dong goi vao mdt ban dd duoc goi la:
Ban d6 goc pham vi.

Dit liéu tinh duoc x6a khoi dit liéu trong Ban db goc pham vi bang quy trinh
vi phan ngimg vi chi dit liéu dong, xuat phat tir vi tri nguc, 1a can thiét cho qua trinh
tiép theo. Cac chuyén dong co thé ngiu nhién ciia con ngudi (RBM) quy mé 16n
khac c6 thé duoc coi 1a dit liéu tinh khi so sanh véi sy dich chuyén 10ng nguc do thé
va nhip tim.

Su x40 tron trong moi truong cling co thé duoc coi la dit liéu tinh va anh
huong cta chung ¢ thé bi huy bo bang cach str dung qua trinh xir 1y vi sai nay.

Sau do, qua trinh Iam min duoc thuc hién dé chuan bi dit liéu trong pham vi
Ban d6 goc dé xtr Iy thém nham tao ra cac ddu hiéu sinh ton.

Sau d6, giai doan m& géi duge thyuc hién dé giai quyét sy mo ho cua pha.
Qua trinh thao g& pha nay dugc thuc hién theo ting giai doan sao cho két qua nam
trong pham vi —m and +, i.e, cic pha ndy phan anh dugc sy dich chuyén 1ong nguc.
Két qua ciia qua trinh giai doan m& géi nay duoc hién thi trong két qua do ludong
v6i tén: dich chuyén 16ng nguc.

Sau d6, qua trinh tiép theo 1a d6 1éch pha. Su khéac biét vé pha duoc thuc hién
bai trir két qua cua cac giai doan chua duge mé lién tiép. Muc tiéu 1a dé co duoc
mot tin hiéu nhip tim manh mé va dé loai bo su thay dobi pha.

Tiép theo 1a khir nhidu. Sau d6, qua trinh loc duoc tién hanh dé thu duoc dit liéu hoi

thd.
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Hinh 2.4: Ludng xir Iy tin hiéu.
Dt liéu nhip thé thu dugce dudi dang dau ra ciia bo loc Band Pass véi bang tan

14 0,1-0,5 Hz. Pau ra ctia hai BPF nay dugc hién thi dudi dang song. DPau ra BPF cua
nhip thé duoc nhap truc tiép vao giai doan udng tinh ti 1&. Néu ning lwong cua doan
dir liéu nho hon gidi han nang lwong da chi dinh (E < Em), phan doan dit li¢u duoc
tiép tuc dén bo dém dé dugc xu ly tai wéng tinh ti 16. Néu nang luong cua doan dit
liu 16n hon gidi han nang Iugng da chi dinh (E < Emh), doan dir li¢u bi loai bé.
Trong udc tinh ty 1€, ba quy trinh dugc thyc hién: FFT, ty dong twong quan va uéng
tinh d4u hiéu sinh ton dya trén khoang céach giita cac dinh (Khoang thoi gian dinh) ¢
dang séng trong mién thoi gian.

FET can duoc trién khai dé thu dugc thong tin quang pho x(t) tir hoi thd dang
s6ng. Thong tin quang pho x(t) chira cac gid tri dinh, v&i cac vi tri & mot khoang cach
nhat dinh véi nhau. Khoang cach nay dugc goi 1a: Khoang thoi gian cyuc dai. Cac gia

tri cyc dai nay la cac song hai hoa cua tan s6 co ban. Chu ky cua tan s co ban la
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khoang cach giita cac dinh. Twong quan ty dong 1a can thiét dé x4c dinh tin sé co ban
trong thong tin quang pho X(t).
Hon nita, 1a giai doan cudi cung, cac quyét dinh vé d4u hiéu sinh ton duoc

thuc hién dua trén cac phép do do tin cay cho cd hoi thd dé két qua la nhip tho tao ra.
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CHUONG 3: XAY DUNG HE THONG VA THU NGHIEM

3.1 Phan tich h¢ thong 7 ‘ ,
+ Cam bién TI mmWave do d¢ dich chuyén cua 1ong nguc khi cam bién dat

d6i dién nguc cta nguoi lam thi nghiém.
% Céc nhan xur 1y tich hop trén cam bién TI-IWR 1443 mmWave duoc st dung
dé loc ra m6 hinh nhip thé tir dich chuyén 1dng nguc va uée tinh nhip thé.
% GUI hién thi dit liéu dang song dugc loc ra va udc tinh nhip tho.
3.2 Thiét ké hé théng

Hinh 3.1: Thiét ké hé thong do nhip thé biang Radar.
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Hinh 3.2: Hinh anh dit thiét bi thuc té.

] Hinh 3.2b: Thiét bi Go Direct [24] dé tham chiéu két qua voi Radar.

3.3 Phat trién hé thong
3.3.1 Cic céng cu phat trién hé thong

% Phan mém:

o TimmWave SDK phién ban médi nhat.

o Vital Signs Lab CCS Project.

o Phan mém UniFlash dé cai dat firmware cho Radar.

o XDS110 Drivers.

o Thu vién MATLAB runtime R2016b dé hién thi GUI Lab.

% Phan cung:

o AWR14xx/IWR14xx EVM.
o Day cap Micro USB.

o Ngudn dién 5V/5A.

o May tinh dung dé trich xuat dit liéu.


https://www.ti.com/tool/MMWAVE-SDK
https://dev.ti.com/tirex/
https://www.ti.com/tool/UNIFLASH
http://processors.wiki.ti.com/index.php/XDS_Emulation_Software_Package
https://www.mathworks.com/products/compiler/matlab-runtime.html

3.3.2 Phat trién giao dién
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(1)

(17

Nhip Thé

12

Nhip Tim

48

Séng nhip thé —
. . . i ' s S Bat dau
1 m Tam dirng
m 7] 2 o i o". ; W T T [ 0 02 " o o 1
Sdéng nhip tim Dirng
. . . _ . _ : . S
‘ Cai dat
T 02 [T} o4 03 . N 08 1 ‘n 02 4 T 08 1 Khéi phl_lc

3.4 Thir nghiém va danh gia
3.4.1 Cai dat hé thong

% Budc 1: Tai cac cong cu can thiét & muc 3.3.1 vé may tinh ca nhan.

Hinh 3.3: Hinh anh giao dién do.

Tool Version Download link
CcCs 7.1 or later download link Please note that CCS v7 1 or later is mandatory. CCSv6 x cannot be
used
TISYS/BIOS 6.50.1.12 or later download link
TI ARM compiler 1691LTSor Included in CCS v7.1
later
TI CGT compiler 8.1.3 orlater Included m CCS v7.1
XDC 350.00.100r downioad link
later
Use the installer that has no mention of JRE which by default has JRE (this installer
will be bigger than the one without JRE)
Also it is recommended that this be installed separately even If CCS has this version
Installed since the CCS version is without JRE.
C64x+ DSPLIB 3400 Please download the installer for CH4x+
download link
C674x MATHLIB 3121 Please download the installer for C674x
(litle-endian, elf/coff format) download link
Per 5.20.2 or later download link
CRC.pm 021 download link
[This is an add-on to the Perl installation. This file needs to be copied to <PERL
Instaliation folder>\peri\lib\Digest folder.
Mono JIT compiler 328 Only for Linux builds
mmwave device support 1.5.3 or later Upgrade to the latest using CCS update process
packages
TI Emulators package 6.00576 00or Upgrade to the latest using CCS update process

later
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Hinh 3.4: Cac pham mém cén thiét.
< Budc 2: Xay dung Project tir thuat toan da dé xuat & muyc 2.3.

¥+ workspace_ccs vT_néw - CCS it - TI Resource Explocer - Code Gomposer Stud
| File Edim View Nawgate [Project| Run Scripts Window  Help

. D& v 2| @ NewCCs Project.
@ NewEnergia Sketch..
Project Explorer Examples
e mﬂmu (LTI —
¥ finacies & Build Al £relal
 Inciudes i c4 DU the cumenty selocied projecti
oroug Suild Working Set

config_edma_utilc
"3 ” ) Clean.

N conhg edma utilh
g ocmat Suild Automatically

config_fwa_utic

Show Buikd Settings.

Gl Impont CCS Projects.
1 Impont Legacy CCSV3.3 Projects.

RTSC Tools
#. Import Energia Sketch..
m, Import Energla Libranes..

Console [vitalSigns_lab)

ave sdk 91 00 B 0% /packages/scripts/Inaged reator/surldxx/out 2rpre/
wxe soerldxx_vitalSigns lab_mas.xerdf sorldxe vitelSigns lab_mss.bin

object file, wwrldwx_vitalSigns_lab_mss.werdf

ages/scripts/InageCreator/ xurldxx/oppend_bi
s_lab_mss.bin

Hinh 3.5: Project do nhip thé.

< Budc 3: Két néi Radar véi may tinh.
o Bat nguén EVM bang ngudn 5V/5A.
o Kétnbéi EVM véi PC ctia ban va kiém tra Cong COM trong
Windows Device Manager.
o EVM xuét hai cong COM ao 1a: XDS110 Class Application/User
UART va XDS110 Class Auxiliary Data Port.
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&% Device Manager =8 X
File Action View Help
Q== | rml &
4.3 LTA0274135
¥ Batteries
9 Bluetooth Radios
& Computer
@ Disk drives
‘L Display adapters
0.';6 Human Interface Devices
=3 Imaging devices
— Keyboards
¥ Mice and other pointing devices
K Monitors
¥ Network adapters
\{3 Other devices
¥ Ports (COM & LPT)
Y¥ ECP Printer Port (LPT1)
¥ XDS110 Class Application/User UART (COM33)
¥ XDS110 Class Auxiliary Data Port (COM34)
n Processors
8 SD host adapters
\J® Security Devices
:&} Sound, video and game controllers
< Storage controllers
W System devices
By, Texas Instruments Debug Probes
@ Universal Serial Bus controllers

1S

Hinh 3.6: Kiém tra cong két ndi tir thiét bi dén may tinh.
% Budc 4: Nap firmwave cho Radar.

o Pit EVM 6 ché d6 nhip nhdy bang cach két ndi jumper trén SOPO va
SOP2 nhu thé hién trong hinh anh.

»
.
»
.
.
»
-
]
]

Hinh 3.7: Két ndi Jumper trén biang mach.

o Mo cong cu UniFlash.
o Trong phan New Configuration section, xac dinh vi tri va chon thiét
bi thich hop (AWR 1443 hoic IWR1443).
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= New Configuration

A )
a Selected Device:
;

AWR1443

Category: All | CZ mmWave | M5P | PGA
2 1443 b
| B ~wri443 Saral
W vria43 Sarial

Q Selected Connection: ﬁ Serial Connection

(1) Start

Hinh 3.8: Lwa chon thiét bi dé nap cAu hinh.
o An nit Start dé nap config méi cho Radar.

o Trong tab Program, chon duong dan dén thu muc chira SS va MSS

cua Radar.

Meta Image 1/RadarSS  xwrl2xCxwr]4xx radarss.binSize: 192.08 KB m Meta Image c :_sdk_sver>fir 12xx_xwri4xx_radars
1/RadarSs s.bin
Meéta Image 2/MSS awrldxx_cosdebug mssbin - Size: 39.58 KB m Meta Image cal adk - \dxx ccs
- e o o -
2SS debug_mss.bin
[ Meta Image 3 Leave this empty m o
[0 Meta Image 4 Leave this empty m

Hinh 3.9: Chon duong din chira file RadarSS va Mss firmware.
o Trong tab Settings & Utilities, dién vao hop vin ban Cong COM véi

s6 cong COM cua Application/User UART COM.

w Setup

MNote: Examiple - COM1 (Windows), fdev/ ity ACKO (Linw)
[: OM Port: COM38 ]
Target Memory Selection: SFLASH

Hinh 3.10: Pién céng COM hién thi dwoc & Buwéc 3.

Quay trd lai tab Program, khoi dong lai thiét bi va an vao Load Images. Khi quy
trinh flash hoan tit, bang diéu khién ctia UniFlash s& hién thi:
[SUCCESS] Program Load completed successfully.

o Tat ngudn bo mach va loai bé jumper khoi SOP2.
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% Budc 5: Chay Project.

v+ New Target Configuration el ) S

Target Configuration

Create a new Target Configuration file.

File name:  IWRl4xc.coml

V] Use shared location

Location: C:/Usefs/-/tiICCSTargdConﬁgura(ions File System Workspace

% ‘WRlboccoml 52

Basic
General Setup Advanced §
This section describes the general configuration about the target
Connection | Teqas Instruments XDS110 USE Debug Probe - Target Cod
Board or Dev
oard or Device  pwR Save Confi
7| IWR1443 \
) IWR1682 [Seve]
Test Conney
To test a cqf
configuratyf
L Project Explorer | [¥] Target Configurations 52 i )tl 1
type filter text
= Projects
4 | = User Defined
% TWR14sox.conml [Default]
% Mew Target Configuration
Import Target Configuration
¥ Delete Delete
Rename Fi
& Refresh Launch Selcc'.cdk:onﬁgura:-cr'i
¢ Launch Selected Configuration
Set as Default
Link ElaTo Deoinct. A
« workspace_w7 -
File Edit View Project Tools Run  Scripts Window Help
i dl B o sz - BE 8- @b @i iR
4§ Debug 2

4 we IWRl4xecoxmil [Code Compaoser Studio - Device Pebugging]
4 o Texas Instruments XD5110 USE Debug Probe P/Cortex_R4_0 (Suspended)
= 0004044 (no symbels are defined for DAd)

Click here to Connect
to the target CPU

Hinh 3.11: Két ndi bo mach véi phin mém lap trinh.
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= workspace_ccs_vT_new - CCS Debug - Source not found. - Code Composer Studio ﬁ

"Fire Edit View Project Tools Rum Scripts Window Help

Pragram file \Debug'oowrldovitalSigns_lab_mss.xerdf - -Etm;e...”mnmprnjeu_.

Code offset
Data offset

Tl A~ @inm3 e i BED- @l -in
| Load i
& Debug X -
4 ¢ AR1443_EVM.ccxmi [Code Composer Studio - Device Debligging)
4 o Texas Instruments XDS110 USB Debug Probe_O/MasterjR4 (Suspended)
= 0x0000528C (no symbols are defined for (e0000528C)
Load Program
®'% Load Program 4

== Select a program - -

4 5 vitalSigns_lab
= Debug
12 sowerldacd_vitalSigns_lab_mss.xerdf

4

@

Cancel

Hinh 3.12: Nap source code.
P B e i i e, |

4 W&o TWRldcouml
& o Texas Instrul
= main{) 3

File Edt View Project Tools Run  Scnpts Windew Help
I TRINES = E[ NN RS a1 LA s R RS
4 Debug 3 Resume (Fi)

|Code Compaser Studio - Device Debugging]
jnents XD5110 USE Debug Probe_0/Cortex_R4_0 (Suspended - SW Breakpoint)
main.el 217 0:0000EA LD

= _c_intD

at boot.asme 369 (D0019BAC (the entry point was reached)

Run Program

B Console &2
AR1443_EVM.coxml:CI0

[Has‘ter‘ R4J CE R R R R R R P e

Debug: Launching the Wital Signs Measurements Demo

EE R 2 2 E R R R R R AR R 2 2 2 R R R R R AR R 2 R E R R B ]

Debug: Launched the Initialization Task

Debug: HWA has been initialized

Debug: EDMA instance @ has been initialized

Debug: UART Instonce @3880oocd has been opened successfully
Debug: UART Instance @8880aafé has been opened successfully
Debug: mmWave Control Initialization was successfull

Debug: melave Control Synchronization was successful

Debug: HWA Instance D880@defd has been opened successfully
Debug: EDMA Instance @8881d294 has been opened successfully
Debug: ADCBUF Instance(d) @9800acd8 has been opened successfully
Debug: CLI is operational

Hinh 3.13: Tién hanh déng géi ing dung.
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|. » Computer » OSDisk (C) » ti » mmwave_training 0.1 2 » labs » |ab0002-vital-signs »
; — e — —

v Include in library ¥ Share with ¥ New folder

7S

Name Date modified Type Size

I 1ab0002_vital_signs_gui
}. 1ab0002_vital_signs_pjt
-gitrepo

vital_signs.dependency.tirex.json

» Computer » OSDisk (C) » 1 » mmwave_training 0.1 2 » labs » 1ab0002-vital-signs » 1ab0002_vital_signs_gui
— - .. E s LW E W )

=1 Open New folder

Name Date modified Type Size
Lab_Vital_Signs_gui_Manifest.paf 5 2017 205 PM Adobe Acrobat 26 X
e 4 Lab_Vital_Signs_gui_Release_Notes.pdf 2017 205 PM
4\ yitalSignsDemo_GULexe
2| profile_2d_VitalSigns_20fps.cfg

g vitalSigns_demo_gui.m
vitalSignsDemo_GULmlapp PM B
& tlogoZpng §/5/2017 205 PM BNG image 108 K8
readme.txt 5/5/2017 205 PM ext Document 2K
requiredMCRProducts.txt 3/5/2017 205 PM Text Document

Hinh 3.14: Chay tng dung sau khi da déng g6i hoan tit.

% Budc 6: Tién hanh do thir nghiém Radar trén co thé nguoi.

Nhip Thé& Nhip Tim
12 48
S6ng nhip thé
' . . , I
vt\ (8] LF] [ & ] Lr] : n\. [T] “r L] [ 1] 1 ‘ﬂ LF] . o o8 1
Sdng nhip tim
, . ] . i . i i i , S

Hinh 3.15: Giao dién trng dung khi chay.
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Range (meter)

Range (meter)

Angle (deg)

Breathing Waveform
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Chest Displacement

Frame Index

Heart Waveform

—— vitalSigns_1
vitalSigns_2
—— vitalSigns_3
vitalSigns_4

Hinh 3.16: Po 1an 1

Chest Displacement

mm

Angle (deg)

Breathing Waveform

Frame Index

vitalSigns_1
vitalSigns_2

—— vitalSigns_3

vitalSigns_4

Heart Waveform

Hinh 3.17: Do 14an 2

BR=[27.34,35.16,0.73)
HR={74.22,62.50,0.30]

44,27.34,1.73)
03,82.03,0.40)

Loc=0.82{m), -18.75(rad)
X, FT.CM)

BR=(27.34,10.74,2.17)
R =(74.22,62.50,0.30)

vitalSigns _3
) auto
Range(15 |
ange (44 2
| e |
[ = [ m s
i [l
lEIC. [

Loc=0.62[m),22.50(rd)
[pk,FT,CM

BR=(23.44,15.63,4.03]

HR=(52.73,105.47,0.27)

vitaSigns_2
& auo
Range| 27
Ange |52

cc MG

0oJ nJd
L |y o |

Loc=1.11[m}, 18.75[rad]
Ik FT.OM)

vitalSigns_2
(4 Auto
Range| 27 (S
Angle 42 [2]
arm Co
Cu. i
aooo
E. §

Locw1.11[m)], 18.7S[rad]
ok FT,OM)
BR=(19.53,20,51,2.97)
HR=(76.17,79.10,0.41)
vitalSigns_4

[ auto

Range’ e
Mnge [sp |S

g M
H.ce

Loc=1. 11(m),37.50[rad)
ok, FT,CM]




Range {meter)

Angle (deg)

Breathing Waveform
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Chest Displacement

Frame Index

vitalSigns_1
—— vitalSigns_2
— vitalSigns_3
vitalSigns_4

Heart Waveform

Hinh 3.18: Po 14n 3

Range (meter)
mm

-60 -45 -30 -15 o 15 30 45
Angle (deg)

Breathing Waveform

Chest Displacement

vitalSigns_1
i

Frame Index

vitalSigns_3
vitalSigns_4

Heart Waveform

Hinh 3.19: Po 14n 4

Locw0.82{m),-18.75rad)
[Pk FT.OM]

BR=[27.34,10.74,2.17)
HR=[74.22,62.50,0.30]

vitalSigns_3

E auo

Range| 15 IS

Ange (44 12
5.6
1 |

2. 50[rad]

Loc=0.62(m], 2.
[k FT;

BR=(23.44,15.63,4.03]
HR=(74.22,48.83,0.46]

[k, FT.CM]
BR=[23.44,15.63,3.72)
HR=(82.03,63.48,0.19)

witalSigns_2
Hao
Rangel 37 |3
Ange 14 |2
Eq
st A
o
=
,18.75{rad]
o)
20.51,2.97)
79.10,0.41)
VitaiSigns_4
M auto
Rangel 27 IS
Ange|s2 |5

Loc=1.11{m], 37.50(rad]
[pk FT,OM]

BR=(2

vitasSigns_2
M auo
Range[37 |2
Ange |5 |2
ci.5
ago
e

Loem1.11{m), 18. 75{rad]
pk,FTOM]

8R=(15.53,20.51,3.32
HR=(76.17,79.10,0.41]

vitalSigns_4

M a

Range 27 |2

soge (5 |2
fa {1
o O
ML, 7
| R

Loc=1.11[m],37.50(rad]
FT.OM

BR=(27.34,24.41,3.63)
HR=[76.17,95.70,0.23]
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Chest Displacement

vitalSigns_1
vitalSigns_2
vitalSigns_3
vitalSigns_4

-60 -45 -30 -15 0 15 30 as 0 20 40 60 80
Angle (deg) Frame Index
Breathing Waveform Heart Waveform

Hinh 3.20: Po 14n 5

ooion
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3.4.3 Két qud thuwe nghiém

Bang 3.1 Két qua sau 5 lan do ciia mdt nguoi

Lan do IWR1443 (1an/phiit) | Go Direct (Iin/phut)
Lan | 14 14
Lan 2 16 15
Lan 3 22 23
Lan 4 19 21
Lan 5 22 22

Nhu cé thé thdy trong bang 3, ddi v6i dit liéu nhip thd tu thu thap dwoc & hai thiét bi. Tuy
¢6 sai sb nho, nguyén nhan co thé do viéc trich xuét tin hiéu chua hoan héo, do chuyén
dong khong mong mudn cua co thé hodc diéu kién moéi truong nhung 1 kha twong dong
v6i nhau. Tir két qua thyc nghiém nay, cé thé nhan ra réng viéc da dang ho4 dir liéu thu
thap da gitip phan tang tinh thuyét phuc vé do chinh xéc tir cam bién Radar.

KET LUAN

Trong pham vi ludn van da thyc hién nghién ctu vé bai toan do nhip thé béng
cam bién Radar. Pong luc ciia nghién ctru nay 1a xac dinh cac phuong phéap hiéu qua
dé dbi ph6 véi do nhip tim va nhip thd cho bénh nhan c6 lan da nhay cam, chéng han
nhu da bi bong, dac biét néu s luong bénh nhan 16n va ) lwong nhan vién y té han
ché. Thi nghiém cua t6i d3 giai quyét van dé nay bang cach do cac dau hiéu sinh ton
ctia bdn muc tiéu cung mot lic béng cach stir dung radar FMCW c¢6 tan s6 77-81 GHz
1am cam bién tir xa. Sau d6 toi da xir 1y dit liéu bang cach str dung xtr 1y tin hiéu dé
no tao ra man hinh hién thi cdc dau hiéu quan trong. Dya trén két qua thi nghiém va
giai thich cta toi, nhu di bao céo trong nghién ctru ndy, c6 thé két luan rang c6 thé
do cac dau hiéu sinh ton ctia mot sé nguoi ngay 1ap tirc ma khong can gan cam bién
cho nhiing ngudi nay. Néi cach khac, phép do sir dung phuong phap phat hién dong
thoi. Dé phat trién trong tuong lai, phwong phap dugc sir dung trong thi nghiém c6
thé dugc phan loai nhu mot bude dau tién dé dugc phat trién thém dé sir dung trong

y té thé gidi va trong linh vuc Tim kiém Ctru nan
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Trong qua trinh nghién ctru, nhiéu han ché dwgc phat hién nhung dé giai quyét

do1 hoi nén tang tri thirc sdu va rong hon.
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